Introduction: Although prognostic differences between screen-detected, interval and symptomatic breast cancers are known, factors associated with wait times to diagnosis among these three groups have not been studied. Methods: Of the 16,373 invasive breast cancers diagnosed between January 1, 1995 and December 31, 2003 in a cohort of Ontario women aged 50 to 69, a random sample (N = 2,615) were selected for chart abstraction. Eligible women were classified according to detection method; screen-detected (n = 1181), interval (n = 319) or symptomatic (n = 406). Diagnostic wait time was calculated from the initial imaging or biopsy to breast cancer diagnosis. Logistic regression analysis examined associations between diagnostic wait times dichotomized as greater or less than the median and demographic, clinical and prognostic factors separately for each detection cohort. Results: Women who underwent an open biopsy had significantly longer than median wait times to diagnosis, compared to women who underwent a fine needle aspiration or core biopsy; (screen-detected OR = 2.76, 95% CI = 2.14-3.56; interval OR = 2.56, 95% CI = 1.50-4.35; symptomatic OR = 5.56, 95% CI = 3.33-9.30). Additionally, screen-detected breast cancers diagnosed with stage II and symptomatic cancers diagnosed at stage III or IV had significantly shorter diagnostic wait times compared to those diagnosed at stage 1 (OR = 0.66 95% CI = 0.50-0.87 and OR = 0.46, 95% CI = 0.25-0.85 respectively). Conclusions: Our study is consistent with expedited diagnostic work-up for breast cancers with more advanced prognostic features. Furthermore, women who had an open surgical biopsy had a greater than the median diagnostic wait time, irrespective of detection method.
Introduction
Delays in assessment of an abnormal mammogram have been shown to be associated with patient stress and anxiety (Rimer and Bluman 1997; Brett et al. 1998; Sutton et al. 1995) . A prolonged assessment pathway may also impact prognosis in women where the final diagnosis is cancer (Ganry et al. 2004; Olivotto et al. 2002) . Data from Canadian screening programs suggest that delays in breast cancer diagnosis beyond 20 weeks after an abnormal screen are associated with an increased likelihood of lymph node metastases and increased tumour size compared with breast cancers diagnosed between 4 and 12 weeks (Olivotto et al. 2002) . Another study from France also reported that longer intervals to screendetected breast cancer were associated with increasing risk of lymph node metastases and larger tumour size (Ganry et al. 2004) . A systematic review of symptomatic breast cancers noted that delays from symptoms to treatment of 3 to 6 months resulted in significantly lower survival rates for breast cancer patients .
For women with screen-detected breast cancer, longer intervals to diagnosis have been associated with living in urban versus rural areas (Caplan et al. 2000) . Several studies have also found that among women with screendetected breast cancer, those with "high-suspicion" compared to "low suspicion" screening mammograms had shorter diagnostic intervals (Olivotto et al. 2002; Ganry et al. 2004; Caplan et al. 2000) . A study of women with abnormalities detected through Canadian screening programs reported longer median waiting times for a diagnosis when an open biopsy was performed; however wait times were shorter for programs that used core biopsies more often (Olivotto et al. 2001) .
Numerous studies have examined prognostic differences between screen-detected, interval and symptomatic breast cancers (Burrell et al. 1996; Schroen et al. 1996; Dillon et al. 2004; Burke et al. 2008; Chiarelli et al. 2012) . In our previously conducted study, screen-detected cancers were found to have more favourable prognostic features compared to symptomatic or interval cancers, while interval cancers had intermediate prognostic features compared to tumours detected by screening or without screening . However, no studies have compared factors associated with diagnostic wait times by detection method. The purpose of this study is to identify demographic, clinical and prognostic factors associated with median diagnostic wait times separately for each cohort (screen-detected, interval and symptomatic) by detection method.
Methods

Study population
Ethics approval for this study was granted from the University of Toronto Health Sciences Research Board, the Regional Cancer Centers (RCC) and Princess Margaret Hospital (PMH). Methods were described thoroughly in Chiarelli et al. (2012) . Briefly, a cohort of women (N = 807,966) between the ages of 50-63 as of Jan 1, 1995 who registered for health care benefits through the Ontario Health Insurance Plan (OHIP) was identified. The cohort was linked to women in the Ontario Cancer Registry (OCR) to ascertain invasive primary breast cancer, of any histological type, from Jan 1, 1995 to Dec 31, 2003. Women identified with prior history of breast cancer (n = 15,684), unknown sex (n = 3), who were not residents of Ontario (n = 7,633), less than 50 years of age (n = 33) or who had died before the start of the study (n = 12,898) were excluded.
Information on mammograms performed through OHIP was obtained by merging cohort data with OHIP files and extracting all physician claims for bilateral mammography during study period with an algorithm to distinguish between screening and diagnostic mammograms . Information from women screened within the Ontario Breast Screening Program (OBSP) was obtained from data routinely collected by an integrated client management system. Since 1990, the OBSP has offered eligible women biennial screening consisting of two view mammography. A complete description of the details of the OBSP has been published (Chiarelli et al. 2006) . All identified OBSP and OHIP screens were merged to obtain a complete screening history for each woman.
Of the 16,373 invasive breast cancer cases that occurred in Ontario between 1995 and 2003, 2,615 were randomly selected for chart abstraction. Of the 2,415 women with available charts, 350 did not meet the eligibility criteria (specified in Figure 1) . A woman's breast cancer was classified as screen-detected if she had a mammogram during the study period, either through OHIP or OBSP, and her breast cancer was diagnosed within 6 months of that screen. Interval breast cancers were defined as cancers that occurred within 6 to12 months of a mammogram. Symptomatic breast cancers were cancers detected in women who did not have a screening mammogram during the study period prior to diagnosis.
Definition of diagnostic wait times
Mammography screening dates were obtained from the OBSP or OHIP administrative databases and information on assessment dates and procedures was abstracted from imaging, biopsy and surgical reports within medical charts . For women with screen-detected cancers, the diagnostic wait time commenced with the date of the last screening mammogram preceding diagnosis. For interval cancers, the diagnostic wait time commenced with the date of the first imaging procedure (n = 275, 86.2%) or biopsy (n = 98, 24.1%), whichever came first, following the screening mammogram. Similarly, for symptomatic cancers, it began with the date of the first imaging procedure (n = 308, 75.9%) or biopsy (n = 44, 13.8%), whichever came first (Gorin et al. 2006) . Breast imaging included mammogram, chest ultrasound, chest x-ray or imaging consultation. A breast biopsy included fine needle aspiration (FNA) or core biopsy. The date of definitive breast cancer diagnosis was used as the end of the diagnostic interval for all women.
Definition of covariates
Information on tumour characteristics was abstracted from pathology and surgical reports included in the medical charts ). The TNM classification scheme was used for staging of breast cancer (American Joint Committee on Cancer 2002). Tumour size was defined as the largest diameter of the invasive carcinoma. Among women who had axillary assessment with either sentinel lymph node biopsy or axillary node dissection, lymph node status was defined as positive by TNM criteria. OCR data was used to obtain age and date at diagnosis and treatment center location. Treatment center was classified as the cancer center the woman first attended, and grouped by region in Ontario. South Central region included Toronto and Hamilton, South Eastern region included Ottawa and Kingston areas, South Western region included London and Windsor areas, and Northern region included Thunder Bay and Sudbury areas. Population level factors, including neighbourhood income quintile, and community size were obtained from the 2001 Canadian Census. Postal codes from either residence at first screen (interval and screendetected cases) or the start of the study period, January 1, 1995 (symptomatic cases) were linked to the Canadian census, to obtain average household income figures and census population information . Biopsies included those conducted within a day of the diagnosis date and were either percutaneous, (FNA and core biopsies) or surgical (excisional biopsy or partial mastectomy).
Statistical analysis
Association of demographic, clinical and prognostic characteristics with detection method was examined using polytomous logistic regression comparing interval and symptomatic cancers to screen-detected cancers. Logistic regression analysis examined associations between factors and diagnostic wait times, dichotomized as greater or less than the observed median, separately for each detection group. Adjusted odds ratios (OR) and 95% confidence intervals (95% CI) were estimated to quantify associations. All statistical analyses were performed by SAS 9.2 (SAS Institute) and statistical significance was evaluated using 2-sided p-values at the 5% testing level (SAS Institute Inc 2008) .
Results
The final sample was comprised of 1,181 (97.4%) screendetected, 319 (88.1%) interval and 406 (82.7%) symptomatic breast cancers (Figure 1 ). Median diagnostic wait times were 31 days for screen-detected cancers (Interquartile Range (IQR) =16-55), 20 days for interval cancers (IQR = 0-48) and 7 days for symptomatic cancers (IQR = 0-21).
Compared to screen-detected cancers, women with symptomatic detected cancer were less likely to live in a high income neighbourhood (highest vs. lowest OR = 0.59, 95% CI =0.42-0.84), or undergo an open biopsy (OR = 0.56, 95% CI =0.44-0.72), and more likely to be diagnosed with a larger tumour size (> 2.0 cm vs. <1.0 cm OR = 6.92 95% CI =4.74-10.10), with positive nodes (OR = 1.96, 95% CI =1.52-2.52), and at a higher stage (III + IV vs. I OR = 6.82, 95% CI =4.89-9.50) ( Table 1) . Interval cancers were also more likely than screendetected cancers to be diagnosed at larger tumour size For screen-detected and interval cancers, women living in smaller communities had a significantly shorter diagnostic wait time, particularly between communities with 500,000-1,499,999 compared to communities >1,500,000 (OR = 0.42, 95% CI = 0.29-0.61, OR = 0.41, 95% CI =0.20-0.85 respectively) ( Table 2) . For interval cancers, women screened through OHIP had greater diagnostic wait times than those screened through the OBSP (OR = 1.93 95% CI 1.20-3.10). Women with interval and symptomatic detected cancers, who attended a treatment centre in the South Eastern region of the province, had significantly shorter diagnostic wait times (OR = 0.47, 95% CI = 0.25-0.85; OR = 0.58, 95% CI = 0.35-0.97, respectively) and women with symptomatic detected cancers had significantly greater diagnostic wait times if they attended a treatment centre in the Northern region of Ontario (OR = 2.52, 95% CI = 1.26-5.03), compared to those in the South Central region.
Compared to women undergoing an FNA or core biopsy, women who underwent an open biopsy had significantly longer than median wait times to diagnosis irrespective of detection method; screen-detected (OR = 2.76, 95% CI = 2.14-3.56), interval (OR = 2.56, 95% CI = 1.50-4.35) and symptomatic (OR = 5.56, 95% CI = 3.33-9.30) ( Table 2 ). Among screen-detected cancers, women diagnosed with larger (1.5-2.0 cm and >2.0 cm) compared to smaller tumours (<1.0 cm), had shorter diagnostic wait times (OR = 0.56 95% CI = 0.39-0.80 and OR = 0.50 95% CI = 0.36-0.69, respectively). Additionally, screen-detected breast cancers diagnosed with stage II and symptomatic cancers diagnosed at stage III or IV had significantly shorter diagnostic wait times compared to those diagnosed at stage 1 (OR = 0.66 95% CI = 0.50-0.87 and OR = 0.46, 95% CI = 0.25-0.85 respectively).
Discussion
Overall, this study found that biopsy type was a major predictor of longer wait times to diagnosis, irrespective of detection method. Women having an open biopsy had a greater than median wait time to diagnosis, compared to women having a FNA or core biopsy. Larger tumour size and higher stage at diagnosis were associated with shorter diagnostic wait times for screen-detected cancers, while only higher stage was associated with shorter diagnostic intervals for symptomatic cancers. Interval cancers showed similar trends (although not significant) as screen-detected and symptomatic cancers.
We found that symptomatic detected breast cancers had a short diagnostic wait time. This result is expected as a large portion of these women present with breast symptoms which are suggestive of breast cancer, and may not have required imaging to confirm diagnosis, thus decreasing the interval to diagnosis. Our study also found that symptomatic cancers were diagnosed at higher stages than screen-detected cancers and more likely to have a biopsy as their first diagnostic procedure. Other studies similarly found women with abnormal mammograms had longer times to diagnosis (Brett et al. 1998; Burgess et al. 1998) or to treatment ) than those presenting with breast abnormalities.
Although symptomatic breast cancers were more likely to be diagnosed among women living in lower compared to higher income areas, income quintile was not a predictor of diagnostic wait times for any of the detection groups. Numerous studies have failed to detect an association between delay to diagnosis and socio economic status (Burgess et al. 1998; Ramirez et al. 1999) . Although studies out of the UK (Downing et al. 2007 ) and Ontario (Booth et al. 2010) found an association between low income quintile and increased risk of breast cancer related mortality, they did not examine diagnostic wait time as a predictor.
Among women with screen-detected breast cancers, those living in the smallest communities had shorter diagnostic wait times, compared to those living in the largest. This is consistent with a pan-Canadian study that found significantly shorter wait times to diagnosis in rural areas compared to urban for screen-detected cancers (Caplan et al. 2000) . In explanation, it was postulated that women living in small towns that travel long distances for breast screening and receive abnormal results on a mammogram might be referred for a biopsy on the same day for convenience, while women living in larger towns with better access to care might be scheduled for a later time (Caplan et al. 2000) . We also observed regional variation in diagnostic wait times for interval and symptomatic breast cancers. Compared to the South Central region, women who attended a treatment centre in the South Eastern region had shorter diagnostic wait times, while those in the Northern region were more likely to experience longer diagnostic wait times. Consistent with our results, a study conducted in Ontario found substantial regional variations in use of percutaneous biopsy over surgery as a first diagnostic procedure among women who were being investigated for a breast abnormality (Holloway et al. 2007 ).
We found that tissue diagnosis using open biopsy occurred frequently during the study period, despite the recommendation that tissue diagnosis of breast abnormalities be obtained prior to surgery (Bevers et al. 2009; McCready et al. 2005) . Notably, symptomatic cancers were less likely to have an open diagnostic biopsy than screen-detected cancers. In contrast, a study conducted on women undergoing investigation for breast abnormalities in Ontario found previous mammography screening was associated with a lower use of open biopsy (Holloway et al. 2007 ). Unlike our study, their investigation included benign as well as malignant breast abnormalities, women outside the recommended ages for organized screening and did not distinguish between screen-detected and symptomatic cancers, all of which may explain the discrepancy in findings.
Women who had an open biopsy were substantially more likely to experience longer wait times to diagnosis than those having percutaneous FNA or core biopsy, irrespective of detection method. Another study in British Columbia found that women with screen-detected cancer who had open biopsies had double the diagnostic interval compared to those without biopsy (Olivotto et al. 2000) . Interestingly, we found that women diagnosed with an interval cancer who received their last screen through OHIP (outside a screening program) were more likely to have longer wait times to diagnosis than those screened through the OBSP. This finding suggests a possibly different course of diagnostic work up for women undergoing screening and diagnosis through OHIP compared with the OBSP. The OBSP is associated with assessment centres that offer facilitated evaluation, including core needle biopsy of screendetected abnormalities. Some women screened through OHIP and their providers may have reduced access to core needle biopsy, prompting greater use of open surgical biopsy for diagnosis. A study conducted in Ontario, showed a 20% improvement in achieving timely resolution of a mammogram detected abnormality requiring a core biopsy among women receiving their diagnostic work up through breast assessment affiliates compared to those receiving work up through family physicians (Quan et al. 2012) . Shorter diagnostic intervals were also seen among women with screen-detected breast cancer in Manitoba who received diagnostic work up through direct referral by the Manitoba Breast Screening Program, compared to through usual care, although this study did not examine impact of biopsy type on the diagnostic interval (Decker et al. 2004) . Organized approaches to screening, employed by programs like the OBSP, offer advantages such as coordinated follow-up of women who have abnormal screening results and as well as standardized approaches to diagnostic work-up (Quan et al. 2012) .
Women diagnosed with tumours at a larger size and greater stage had shorter wait times to diagnosis, compared to those diagnosed at earlier stages, and with smaller tumours. This finding is consistent with literature on the expedition process of more suspect cases, which showed tumours labeled as more suspicious were associated with decreased likelihood of diagnostic delay independent of other factors (Olivotto et al. 2002; Ganry et al. 2004; Caplan et al. 2000) . Other research has shown women diagnosed with invasive cancer experienced shorter intervals than those eventually diagnosed with a benign lesion or ductal carcinoma in-situ (Olivotto et al. 2001; Chiarelli et al. 2005) .
Strengths of this study include the large number of breast cancer cases allowing us to stratify our analysis by detection method. As well, information on breast cancer diagnosis was obtained through the OCR. Evaluation of the OCR suggests a high level of completeness and accuracy for breast cancer ascertainment (Holowaty et al. 1995) . Furthermore, through chart abstraction, we were able to obtain detailed information on type and dates of assessment procedure and prognostic tumour characteristics of the diagnosed breast cancer cases.
Several limitations should be addressed. It is possible that access to core needle biopsy for screen-detected cancers has increased since the time period of this study, thereby reducing the time to diagnosis in this group. Although we would be interested in examining the impact of longer diagnostic intervals on breast cancer survival, we do not have survival information for the present study. This study could not distinguish between patient level and system level factors associated with delays along the diagnostic pathways. Although the present study examined wait times to diagnosis of breast cancer, the interval from diagnosis to treatment is also an important factor which may contribute to overall survival of women with breast cancer. A future proposed study will examine factors associated with treatment intervals by detection method.
Evaluating factors associated with wait times to breast cancer diagnosis provides targets for intervention that may ultimately improve the prognosis for women. Our study identified both clinical and prognostic factors associated with diagnostic wait times among women who presented with screen-detected, interval and symptomatic breast cancers. Most notably, open surgical biopsy was a common method of tissue diagnosis for breast cancer in Ontario during the study period and was a major predictor of having a greater than median wait time to diagnosis, irrespective of detection method. Our study was consistent with others that reported expedited diagnostic work-up for breast cancers with more advanced prognostic features. Interventions to facilitate alignment of diagnostic approaches with best practices will improve the process of providing a breast cancer diagnosis.
